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.‘ WATERTOWN ARSENAL LABORATORY

Memorandum Revort No, WAL 710/6135

Partial Report on Project B-9

Ballistic Tests of ,040 - ,050" Hapdfield Steel Sheet
With Caliber U5 Bgll Projectiles for Development
of Svecification Requirements

ABSTRACT

S over the trickness ran e ,0.0 to ,050 inches,
b

.

L T N A
8] Lact i RV AL WL RS

t o : b :f"; »;"‘. ". .‘.‘ e ‘
E I n\.;-...l"'h)\)'li_{s..b_

18 May 194k

Report covers the results of ballistic tests of Hadflell
manganese steel sheet (as :resently urocured for helmets and
flyer's protective armor) in the trickness range of 040 to
.050 inches. Test results are given on 106 sheets of satis-
factory metallursicnl oquality. Specification requirenents
are su.;ested over t'.e rare .0UO to .050 incl.es using the
caliber L5 .. 230 greir (steel Jacketed) Ball :rojectile,

1, At the requast of the Office, Chief of Urdnance, Industrial
Division, Small Arms Branch, numerous samplees of Hadfield manganese
steel sheet 'roduced by the tvwo manufacturers of this material,
Carnerie~Illinois Steel Cor oretion ard Siaron Steel Corporation, were
forwvarded to this nrsenal for ballistic tests. Ballistic tests were
conducted wit:: the caliber .:5 Ball, 230 rrain "rojectile £-r the
Purrore of -“evelo in~ the ballistic test requirements for this material

& 2. At the rresent tine the requiremenis of Specification AXS-1170,
"Steel, lon-masmetlc Sheet and Strip (For Body Armor)", call for ballistic
tests with the caliber ,L5 Ball, 230 ~rain drojectile. Thece require-

{ ments were based upon an efequete amount o data over the thickness

: ranre (.0U2" - ,0ME®) in which dady rrotection armor is now being
procured. However, it -as sn-n dlscoveread :*at armor in this thickness

L) ran~e havins satiafactsry netallurcical characteristics was falling these

test requirezents by s c nciieradle marsin., The reas->n for this dis-

. crepancy “as now been ascertsined to be a cliange in the characteristics

= of the “rojectile. Tre origina firingr were conducted with coprer-

[ alloy Jacketad »rnjectiles. !However, a lait~r shimment of .rojectiles,




representing the type now most available and in quantiiy -~roduction,

were of a steel-jacketed tyve 'rovided with a superficial c-.urer coating.

It seeme desirable to revise the specification requirements in eccordance L
with the results of tests utilizin: the now-standard steel-jacketed

projactile,

3. The ballistic teasts which are reported herein were all conducted
in a standard manner. Trae “elmet cireles (17 inch diameter) or square
specizens (12"x12") were clamred securely to a wooden framework, Hand ]
1raded rounds containing variouns nowler charges ware loaded into a
special weapon which allows t e attainment of velocities up to 1250 feet-
ver-second. The gun consists of the barrel for a Tiompson Sub-Macr.ine
Gur +10® in length) which i fitted to the receiver of z Cnliter .30
Maiel 1903 Springfield ty e action., Instrunental velocities were recorded
by en Aberdeen tyoe chronosraph and striking velocities ware calculated o
from instrumental velocities so determined. The resulte «f all imracts
vnich atrick too clase to ,revious impacts (lese t'sn a. .r xizately
3 inchew were discarded, Dallistic limits were obtained which are the
averare of two rounds, one of whici does not nerrorate {:e sheet and the
sec nd of wiich vasses com.letely through the sheet, In ell cases the
diff-rence in velocity btet:eer ti:e tw> rounds u7on which t.;e lirit is e
based is less ithan 50 fest- er-:ecHrud, and, in the great zujority of
cmamg, ir legs t:an 30 feet="er-zecoind,

L Ballistic testis were conducted on four grou s of material, as

ﬁ _ 001 w-s j.

a. Oroup 1, Five helmet circles in each t.cusa it of an
inch t-ic'mess increvent ver ‘e ranre .O0Ur to ,050 inches were received
frm t-e Carregla-lllirols o el Cor ora.!on., The t:ree . "t satisfactory
shcets in ench t ickuess on t:e basis of the magnetic :eflectinn test
orescrited in S ecificatlion AXS-1170 v.re selected for tert., RBocikwell C 5
~: rdness deterniaatiois an’ nlcrosc.ic exarinations were crnducted on
each selected shest, Tie s'ieets were tien tested ballistically. The
res: lie a0 ear in “able I, T e results of tests area recorded only on

sheets wrich assed tre mametic deflection test (magnetic deflection
of n-% nver aix inches).

b, Gr-sun 2. A asiqtlar group of “elmet circles ‘-ere received
fr~m the Shar>r Strel Cormorrtisn, Similar dallistic teais were
¢r..ducted on tirewe sheets. Crly cata on shaets wiil: satisfactory
a-Tetic deflectisn characteristics are included, Ko hardre:s or micro-
scopic tests were conducted on this material. These res:lts are shown
in Table II,

€. Group 3. Durine March 194l Carnezie-Illinols Steel
Cirroraticn euonmitted cax lnre 12"x12" in sise frox numerous production S L
lots t:en beins ricessed w ich covered t-e th:.ickne s ran-e .042 to .Out o
incl.es. Bend tesis and mapncile deflection tests - ere c-.dvcted -n this s
naterial in accordance with S ecification AXS-1170, Balliriic tests ®

-2-
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results are rejorted only on sheets vhich ware saticfactcry in these two
tests, Bend tes®s were c-nducted on the shret with both foces in tension,
The sheets were tent back flat upon themselves, Bend teat results were
considered satisfuctory if rating number R or lower of the Quality Control
Standards was maintained. Apvroximately 4% of tle sheets tested falled
the bend test in one or nore directions, whereas ar roximately 60% of

the sheets falled tl.e maenatic deflection test as aprlled to ~ne or both
froee of the sheet. In reneral, when the masmetic deflectinn exceeded

10 inches the hend test was also poor. However, many 1 and 2 standard
bends were obtained on sheet giving magnetic deflections up to 10 inches,
The results on satirfactory sheets which were tested ballictically appear
in Table 111,

d. Oroup U4, Similar sheet samples from wroduction lots vere
furnished by Sharon Steel Corporation during March 1944, Similar tests
vere Terforned and the resuits on sptisfactory sheets in rccordance
with the marmetic deflectinn snd bend tests and, whick wrre ballistical ly
tested, are recorded in Table 1V, Two and a half nercent (2,.5%) of the
theets tested failed elther the marmetic deflecti-n or bend tests.

5. The ballietic results contained in Tables I and III on sheet
samyles aupnlied by Carnesie-lllinois Steel Corporation l.:ve been
Plotted as Figure 1, Also stown on the Ulot are the rrecent eiecification
recuirenentes of Inecificaticn AXS-1170, baned ugon copper-elloy lacketed
~projectiles, and vrovoeed newv values for the steesl-jacketed rraojectiles
based upon these firinee, A similar plot has been drnwvn for the sheet
supoiied by Shar-n Steel Corrore~tiorn from the ballintic drta contained
in Tables 11 and 1V,

6. The propored new reqiirements may arrear conservative, How-
aver, it wil. be recalled ti'et these tests represent the Lect cuality
Hadfield mancanese steel tlat ie rreseatly beirg vrsduced. Furthermore,
there are numerosus in?ic-tisne that, of the heat treated tteals tested
to date, none conslsten*ly com-ares favorably with t'e averare values
of Had.'leld man~anece steel. It will also be noted th-t trere is &
ccneicerable variadility in t'e ballintic velnes obtain:? «n & eonstant
thickness of Hadfield sheet v-.ich is not exrlainable by t'es metallurzical
tests vhich Yrve been pn-lied te date, This is, rerhars, understandadle
v'en one coneldersg thal the te~t involves nn extremely lenvy, deforming
rrajectile acainast a t'in sheet. Under these conditicne clirht vrriatione
in the dehavior of the gtesl, as affecting “rnjectile def-or-ation, will
cause 8 variatisn in t lli-tic efficlency. By t-e sa-¢ r--g2Jning,
varietions in rrojectile chrrecteristics with resmoact to resista-ce to
deformaticn would alsn de exrnect.d to affect he bdaliisgtic efficlency
obtained, Tigys strikingl¥ indicated by the differen:es in t.e propoced
shecification requiremente for the copper alloy-jacksted and steel-jacketed
rojectiles, It will be observed that the slove of tre “ronosed
svecification 1ine for the steel-jacketed projectiles is c-nsiderabdbly
less than for the cop sr alloy-jacketed vrojectiles, This is a
reflection of the differercar in deformation chearacteristics of the two
types of "rojec’iles as affected by chanres in ~aure,




7. The use »f a mu=celoraing ty-e of _rojocilie woild be more
gatiafactory f£or an ncce tance test, The fragrment-simlating 'rojectiles
develo ed <i tils arsenal a roach the desired characterlstics, out 1t
{5 doubtful tiat these are, at .resent, in sufficiently sdvauced stages
to turn over to the proving acencles for acce tance testiing, It is,
thorefnre, suppsrsted taat tie rcropo-ed ballistic values ve cunsldered
to a1y to all steel procured for helmets, b:dy armor, and "flak curtain”
ara ¢ ending *:.» standardization of im.roved crojeciiles. The ballistic
tables sver ihie rance ,040 t7 .050 1:ches would be as [vllowe:

Regquired Striking Velocity, f/s.
Cal, .45, 230 grain Ball

Gauze(Ave,) (Steel Jacketad) Projectile.
.ouo" 850
.ou" 860
.0i2" g70
,ou3” 880
.ohh” 290
.OL5" 900
Loup” 910
Lou7" 920
.ohg® 930
.0Lg* q40
.050" 950

Oth-r requiremente, ‘rriainicg to the ~xtent of all-vndle eracking,
ghrild be the same a3 *“o-e now reguired in Snecifi~-i¢on AXS.1170, It
1a mandatory thnt c~re de exv-rcised ¢t~ innure that cnly th e <teel.
J-evrted (conmar cnnted) mrojectiles be ured in conjui~-1.: 1th these
helli-tie velnes.

Ackno'ledrament 1e “ereby "ald to» Miss Bardars ‘hielns, w"g aconrmlated

mick ¢ tha dnta contoined 4 thin retcrt,
Q. Muded,

A. HURIICH
As=o¢c. Matallur:ist

.
;/6 W(iltdiw.

N. A. MALTHE''S
Majur, Or’-.ca Dept,
Chief, Am~r Section
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T‘blg 1
Carnezin-Ill4nois Steel Corporgtion . .
[
Helmet Circles ~f Various Causes e
Masmetic Ballistic Limit Microstructure s
Sample Thickness, Rockwell B Traverse Cal. .L5 Ball Anount of A e
o, Inches _Fapdness _Inches F/s Degarburigation
Discontinuous d
103 .0"‘0 ”.o 6.0 863 t; .Ooohl
04 .0L05 g88.5 3.5 1013 None
105 .00 90.0 3,0 957 Yone ,
91 .ou 88.5 5.5 937 Dise:ntinuous o
to .0004*
92 .omn 78,0 4.5 9uf .
100 .0kl 90.0 3.0 1036 None
™ .ok 87.5 3.0 1010 None e
82 ou2 87.0 5.0 993 llone
83 .0l2 87.5 5.0 960 None
13 .0L3 87.0 3.0 979 None z,
80 .0L3 88.0 L.0 1021 None e
3 53 oLy 88.5 5% 1044 None
’:-'.. 57 oLy 89.5 5.0 1006 Xone
& Discontinuous on e
12 56 .okk 88.5 3.5 993 one side to ,0008" .
46 ,0us5 88.0 k.0 970 None o
4g .0Ls5 81.5 GRL 1016 Yone
L 50 .0l5 88.5 k.5 940 None
[
\ Discontinuous n
: 0
T ¥ -0k6 89.0 3.0 9u3 one side to ,0006" o o
- 34 . 0465 87.5 k.0 1039 . £ N
} 35 047 86.5 5.0 1009 None .
J \ Discontinuocus on ¢
37 <047 82.5 3.5 1062 cne sie to .00LL"
) . 1k .0Lg5 9.0 5.0 1023 ‘one
..
o Discntinucus on
- 17 +049 °3.5 20 1050 one s'de to ,0006"
lo ]
All sheets vere free from undissolved carbides and showed normal -
- austenitic structure. -




Table 1I e
Sharon Steel Corporation

Holmet Circlas of Various Gauces
Cal, .45 Ball b

' 230 grain
Sample  Thiclness  Hagnetic Deflection  Steel Jncketed
Mo,  _Ipcies Inches B,L, 1/S
o Al .0kl 3.0 g9g A
L3t A2 .0LO05 4,0 908 e
A3 . 040 4.5 93k
f B.1 .05 L.5 938
T_ B2 .0l15 5.0 1009
h B3 .0k 4.5 1012 a
_ C-1 .0u25 1.5 997
; C2 .0425 6.0 1041
[ C-3 .0u25 L5 969
F D1 .0L3 4.0 1005
® ®
D2 .0u35 5.0 983
D3 .0l35 5.0 1025
? X1 .OlLs 6.0 103¢
h E.2 .05 3.0 1071 4"
E3 .0ls 2.5 1055
r-1 .0L6 . 4,0 1043
e }.2 .0kb 5.0 1050
h r-3 .0k6 3.0 1042 ...g
; G-1 .07 2.5 1072
ko G2 .04y 5.5 1013
[ 0-3 .047 4.5 990
r. Rl .0lss5 2.5 1050 .
B2 .08 3.5 1077
B3 L0475 3.5 100
L1 .0k85 2,0 1070
1.2 0485 2.0 1105 o,
I-3 .0u8s 2.0 1084 »
J-1 .0ka 1,0 1122
Ja2 .050 2.0 1113
®
[ \ ya
® [ ) o o o o o o ® . o o o o ® ® o o o

..............

..............................................

............................
..............................
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